May 28, 2017

Jean Claude Juncker

President, European Commission
European Commission

Rue de la Loi, 200

1049 Brussels

Belgium

By email only

(Cc to Jyrki Katainen, EC Vice President for Jobs, Growth, Investment and
Competitiveness; Vytenis Andriukaitis, EU Commisioner for Food Safety and
Health; Michael Fliih, DG SANTE; Bernhard Url, Executive Director, EFSA;
Giovanni La Via, Chair, ENVI Committee; EFSA Panel on Plant Protection
Products and their Residues; Andreas Hensel, President, BFR; Chris Wild,
Director, IARC; Wendy Cleland-Hamnett, Acting Associate Director, US EPA Office
of Chemical Safety and Pollution Prevention, Jose Tarazona, Pesticides Unit,
EFSA)

Open letter: Review of the Carcinogenicity of Glyphosate by EChA, EFSA and
BfR

Dear President Juncker,

Executive Summary: The European Food Safety Agency (EFSA) and the
European Chemical Agency (EChA) have completed their assessments of the
carcinogenic potential of glyphosate and concluded that the evidence does
not support a classification for glyphosate. The raw data for the animal
cancer studies for glyphosate have been released, and a reanalysis of these
data show eight instances where significant increases in tumor response
following glyphosate exposure were not included in the assessment by either
EFSA or EChA. This suggests that the evaluations applied to the glyphosate
data are scientifically flawed, and any decisions derived from these
evaluations will fail to protect public health. I ask that the evaluations by
both EFSA and EChA be repeated for all toxicological endpoints and the data
underlying these evaluations be publicly released.

On November 27, 2015, my colleagues and I wrote to Commissioner
Andriukaitis!!] regarding the European Food Safety Agency (EFSA) and German
Federal Institute for Risk Assessment (BfR) reviews of glyphosate. At the time,
we had serious concerns regarding the scientific evaluation in the BfR
Addendum!?] and believed it was misleading with regard to the potential for
glyphosate to cause cancer in humans. On 13 January, 2016, we received a
responsel?! from Dr. Bernhard Url, Director of EFSA. Since that time, both EFSA4]
and the European Chemical Agency (EChA) have completed their carcinogenic
hazard evaluations for glyphosate and have concluded that the evidence does not
support a classification for glyphosate.

I continue to have serious concerns about the scientific quality of the evaluations
by both EFSA and EChA on a number of issues which were not adequately
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addressed by Dr. Url in his response to the previous letter from me and my
colleagues. These concerns will be reiterated at the end of this letter. There is,
however, one topic I believe needs your immediate attention before a final
decision is made regarding glyphosate re-authorisation. Both EFSA and EChA
(in their proposal of the dossier submitter(!) failed to identify all statistically
significant cancer findings in the chronic rodent carcinogenicity studies
with glyphosate.

On March 15, 2016, members of the European Parliament requested public
access to the complete records of animal laboratory data from chronic
carcinogenicity studies of glyphosate; these data were previously deemed to be
confidential business information. The presence of this new information along
with what was already available in the Supplemental Material from Greim et al.
(2015)] allowed me to evaluate the data for any additional significant increases
in tumor incidence that have not been reported in the evaluations by both EFSA
and EChA. In these additional analyses, I found eight (8) significant increases in
tumor incidence that do not appear in any of the publications or government
evaluations presented by both EFSA and EChA. Table 1 summarizes those
findings. Some of these tumors were also present in multiple other studies
increasing the consistency of the findings across studies.

Transparency is an important aspect of the scientific process and I applaud EFSA
for allowing limited access to the raw data from the animal studies of glyphosate.
However, scientific rigor is required and the tumors identified in Table 1 may be
interpreted as a failure by the agencies involved in these assessments to
carefully review and analyze all of the available data before rendering a decision
that there is no evidence that glyphosate is carcinogenic to humans. Some of
these positive tumor findings may have been missed because two-sided tests?
might have been used, but not all. In my opinion, one-sided tests® are more
appropriate for public health evaluations.

As noted before, Monograph 112[7] from the International Agency for Research
on Cancer (IARC) Monographs Programme evaluated the publicly accessible data
for glyphosate and concluded that glyphosate is classifiable as probably
carcinogenic to humans. IARC Working Groups routinely re-analyze some of the
scientific data in the publications available to the working group to ensure that
what is presented in a publication or technical document is correct. This is
especially true for chronic studies of carcinogenicity in rodents. The IARC
Working Group for Monograph 112 identified positive significant trends for
tumors in two mouse carcinogenicity studies using the Cochran-Armitage linear
trend test in proportions. Similarly, they identified a positive finding in one
study in Sprague-Dawley rats. In their response to the IARC Monograph, the BfR
re-evaluated some of the mouse data using this same statistical test.

a A two-sided test addresses the question of whether glyphosate increased or decreased
the tumor incidence. In an evaluation of this type, you are only interested in increases.
b A one-sided test addresses the question of whether glyphosate increased the tumor
incidence
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Table 1: Eight additional tumor sites with significant (p<0.05) increases due to
glyphosate exposure in the carcinogenicity studies cited by EFSA and EChA

Study Tumor type p-valuec
Species Sex; Incidences (one-sided)
Wood et al. (2009) Lung adenocarcinomas
CD-1 Mouse Males; 5/51,5/51,7/51,11/51 0.028
Sugimoto et al. (1997) | Hemangioma (any tissue) 0.002
CD-1 Mouse Female: 0/50,0/50, 2/50, 5/50*
Atkinson et al. (1993) | Thyroid follicular cell adenomas and
Sprague-Dawley Rat carcinomas 0.034
Males; 0/50, 0/50,0/50,2/50, 2/49
Lankas (1981) Thyroid c-cell Carcinomas
Sprague-Dawley Rat Females; 1/47,0/49,2/50, 6/47 0.003
Enomoto (1997) Kidney adenoma
Sprague-Dawley Rat Male; 0/50,0/50,0/50,4/50 0.004
Brammer (2001) Hepatocellular Adenoma
Wistar Rat Males; 0/53,2/53,0/53,5/52* 0.008
Wood et al. (2009) Skin Keratocanthoma
Wistar Rat Males; 2/51,3/51,0/51,6/51 0.030
Mammary gland adenomas and
adenocarcinomas 0.007
Females; 2/51,3/51,1/51,8/51*

* These groups have a significantly increased (p<0.05) incidence of tumors relative to the
controls by the Fisher Exact Test in addition to a significantly positive trend test finding

Table 2 shows all of the statistically positive findings cited by EChA and an
indication of whether these findings were known before the IARC Monograph. It
appears, from my study of these documents, that BfR cited only four of these
tumors prior to the IARC Monograph and identified an additional 9 positive
findings after the IARC Monograph. [ could find no comments in the EFSA Peer
Review document!8! prior to the release of the IARC Monograph suggesting
concern for these 9 positive tumor findings. Nor can I find any mention of the 8
positive tumor findings in Table 1. Thus, of the 21 positive tumor findings in
Table 1 and Table 2, BfR, in their original submission, had only identified 20%.

In a recent interview on Euractiv.comd, the EFSA spokesperson stated that “EFSA
and EU member states rely primarily on the original studies and the underlying
raw data which they check themselves.” My review of the recently available data
suggests this is not the case and that, again, several important positive findings
have been missed. After the IARC Monograph review and after recognizing that
there were other studies with positive results in these data that were not
reported by the Glyphosate Task Force, it is difficult to understand why BfR,
EFSA and EChA failed to re-evaluate all of the available data using an appropriate
trend test.

¢ The p-value presented here are from the exact Cochran-Armitage linear trend test in
proportions.

d http://www.euractiv.com/section/agriculture-food /news/green-ngos-blame-monsanto-for-
buying-science-to-save-glyphosate/
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Table 2: Tumor sites discussed in the draft CLH Report(5! which were identified
either before or after the IARC Monograph!®]

Study Tumor type, Sex p-value! | IARC? | BfR3 | Reason
Species, Duration (HC) Not +*
Stout and Ruecker, (1990) | Pancreas islet-cell 0.147 yes yes a,b,cé
Sprague-Dawley Rat adenomas, Males5
24 months Hepatocellular 0.015 yes no b,c6
adenomas, Males
Thyroid c-cell 0.049 yes no b,cé
adenoma, Females
Lankas (1981) Pancreas islet-cell 0.315 yes yes a,b,cé
Sprague-Dawley Rat tumors, Males5
26 months Testes interstitial cell | 0.009 yes yes a,ct
tumors, Males
Wood et al. (2009) Malignant Lymphoma, | 0.007 no no e, d.e
CD-1 Mice, 18 Months Male
Kumar (2001) Malignant Lymphoma, | 0.096 no no c7,d,e
Swiss Albino Males®
18 Months Malignant Lymphoma, | 0.070 no no
Females
Sugimoto (1997) Malignant lymphoma, | 0.016 no no c’def
CD-1 Mouse Males
18 Months Renal adenoma, Males | 0.062 no no c’.fgh
(0.005)
Hemangiosarcoma, 0.062 no no c”f
Males (0.004)10
Knezevich and Hogan Renal tumors, Males 0.065 yes yes c’,d,ef
(1983), CD-1 Mice (0.011)
24 Months
Atkinson et al. (1993) Hemangiosarcoma, 0.004 yes no c’f
CD-1 Mice, 24 Months Males (0.001)

1 Exact Cochran-Armitage linear trend test in proportions, one-sided; (HC) is the probability of seeing the
observed trend or greater assuming the mean of the historical control data for CD-1 mice from Giknis and Clifford
(2000)1191 is correct (only applied to rare tumors)

2 Identified in IARC Monograph

3 Identified in BfR draft RAR prior to the IARC Monograph

4 reasons cited by EChA for exclusion of the positive statistical finding: a-non clear dose-response; b-no
progression to carcinoma; c-inconsistent across studies; d-trend test and pair-wise tests not consistent; e-
historical controls with high incidence; f-in the range of the historical control data; g-tumors only at doses above
1000 mg/kg/day; h-no plausible mechanism

5 the incidence counts for these studies in the draft EChA evaluation do not match the original pathology tables; p-
values presented here relate to the original pathology counts

6 comparing Sprague-Dawley rats with Wistar rats and studies at 26 months with studies at 24 months

7 Comparing mice in 18-month studies with mice in 24-month studies

10 No tumors were seen in 26 historical control groups so historical control response was set at the response that
provides a 5% chance that we see 26 controls with no response - 0.0026

I am concerned that other areas of the EFSA review (e.g. reproductive toxicity
and endocrine disruption) may have also received inadequate evaluations. Since
the industry-supported scientific evidence is not available to external scientists, I
am unable to evaluate these data and determine if there are positive findings
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that escaped detection. I encourage you to release these data for external
analysis and review as well.

In summary, after numerous scientists from EFSA, from EChA, from BfR and
from the Glyphosate Task Force have reviewed and evaluated this massive
amount of data, there are still serious omissions in the way in which these data
have been assessed and reported. I respectfully ask that the agencies involved in
the evaluation of glyphosate conduct their own analyses of the tumor sites
presented in Table 1 and amend the record of their decision as appropriate
rather than simply ignoring these observations.

Even while I applaud the European Commission for a limited release of some of
the information submitted by the registrants for glyphosate, it is still impossible
for outside scientists to be fully confident in any reassessment of these studies.
This is because important parts of the safety record are still sealed. While the
raw data tables were made available upon a request by the members of the
European Parliament, the materials and methods, analysis and discussion
sections from these submissions are not available. These omissions make it
impossible for outside scientists to judge the quality of the studies, the rigor of
the methods used to analyze the data, or to determine if there are legitimate
reasons in these discussions why the tumors identified in Table 1 were excluded.

Finally, in our previous letter, several major concerns were raised that have not
been adequately addressed in the final assessments and should again be
addressed appropriately. These are:

e the classification of the human evidence as “very limited” is not a valid
characterization under the CLP guidelines and fails to properly address
the strength of the available evidence;

e both EFSA and EChA dismissed positive findings because they fell inside
of the range of the historical controls (this is an improper use of historical
control evidence);

e both EFSA and EChA compared findings across different strains and
different study durations to conclude that studies were inconsistent (this
is not scientifically justifiable);

e both EFSA and EChA characterize the evidence for genotoxicity as
negative, yet a careful review of the evidence released by EFSA and the
open scientific literature suggest there are many guideline and non-
guideline studies demonstrating genotoxicity.

[ firmly support the principle that scientific evidence should be used to help
guide societal decisions about health risks to humans. However, the individual
scientific studies must be carefully summarized and reviewed if their findings
are to serve as a true guidance. The glyphosate hazard classification appears to
have been a good example of how lack of transparency regarding the scientific
evidence that underlies important public health decisions can erode public trust
and raise concerns. I respectfully request that you instruct the appropriate
agencies to review the evidence submitted herein and ask that you refrain from
making any decisions on glyphosate until these positive findings are included.
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I also request that, in the interest of scientific transparency, EFSA should release
all of the raw data in all areas of toxicology for all pesticides so scientists
interested in repeating the evaluations by EFSA and EChA can do so.

Thank you for your time and I look forward to your response.
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Disclosures: The opinions expressed here and the analyses done to support those opinions are
mine alone and were conducted without any compensation. In my capacity as a private
consultant, | am an expert witness for a US law firm involved in glyphosate litigation. [ also work
part-time as a Senior Contributing Scientist for the Environmental Defense Fund (EDF) on issues
not related to glyphosate or other pesticides.
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Nine studies showing glyphosate induce Parkinson disease by Brazil Netherland and

Chinese scholars
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Since 2001, there are at least ten scientific studies by
Brazilian, Netherland, American and Chinese scholars
proving that glyphosate causes Parkinson's disease in
humans, and the mechanism causes Parkinson's disease at
cell level.
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Among these studies, “Parkinsonism after chronic occupational
exposure to glyphosate” published in 2011 by Parkinsonism Related
Disorder by Prof. CHEN Sheng-di and his team, the their follow-up study
"Glyphosate induced cell death through apoptotic and authophagic
mechanisms" published in 2012 by Neurotoxicology and Teratology, no
doubt . created greatest impact internationally, and received highest
comments by the neurology science community in China and worldwide.
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Prof. CHEN Sheng-di, Department of Neurology & Institute of
Neurology, Ruijin Hospital affiliated to Shanghai Jiao Tong University
School of Medicine, is a leading expert in diagnosis and treatment of
Parkinson disease in China.
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The follow-up study "Glyphosate induced cell death through
apoptotic and authophagic mechanisms" by Prof. CHEN Sheng-di,
together with Dr. Wang Gang and team at Lab of Neurodegenerative
Diseases & key Laboratory of Stem Cell Biology, Institute of Health
Science, Shanghai Institutes of Biological Sciences, Chinese Academy of
Science, at cell level revealed the mechanism glyphosate caused
Parkinson disease.
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These studies by overseas and Chinese scholars combined together,
constitute the conclusive legally valid scientific evidence chain proving
that glyphosate cause Parkinson's disease.
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The officials and official experts of the Ministry of
Agriculture, the China CDC, the State Food & Drug
Regulatory Administration Bureau, and the chemical
solvent extraction food oil industry, can they deny the
results of five scientific studies by Brazilian, American and
Chinese scholars? Yes, they surely can, but only by the
results of more rigid, scientific fair long-term oral feeding
toxicology animal tests.

fEftefiIARXEFANRIEZ B (B EEBIEZRMPEHEFREXNA
RIERIHETRE. MWIHEFBRRFEIMBENERNSGCSRER,
Before they organize such tests, they can only accept the
conclusion and consequences that glyphosate residues in
food cause Parkinson to humans, and increase the
incidence of Parkinson disease.

Scientific Evidence 1 (2001): Brazilian study: This
54-year-old man accidentally sprayed himself with the
chemical agent glyphosate, a herbicide derived from the
amino acid glycine. He developed disseminated skin
lesions 6 hours after the accident. One month later, he
developed a symmetrical parkinsonian syndrome. Two
years after the initial exposure to glyphosate, magnetic



resonance imaging revealed hyperintense signal in the
globus pallidus and substantia nigra, bilaterally, on
T2-weighted images.
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Barbosa ER, Leiros da Costa MD, Bacheschi LA, Scaff M, Leite CC.,
Parkinsonism after glycine-derivate exposure. Mov Disord. 2001
May;16(3):565-8.

Barbosa ER, Leiros da Costa MD, Bacheschi LA, Scaff M, Leite CC., &
B COMRIRA VR G B SRR, 188K, 20014E5 H
16(3):565-8.

http://www.ncbi.nlm.nih.gov/pubmed/11391760

Divisdo de Clinica Neuroldgica, Hospital das Clinicas da Faculdade,
Medicina da Universidade, S&o Paulo, Sdo Paulo, Brazil.
egbertob@8415.com.br
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Scientific Evidence 2 (2003): Brazilian study: We report the
brain magnetic resonance (MR) imaging abnormalities
observed at the basal ganglia system of 5 patients (2
female and 3 male), who fulfilled the criteria of
parkinsonism. For three patients, the diagnose of
secondary parkinsonism was supported by clinical data: the
first had the onset of the symptoms after the exposure to
an herbicide (glyphosate).
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da Costa Mdo D, Gongalves LR, Barbosa ER, Bacheschi LA.
[Neuroimaging abnormalities in parkinsonism: study of five cases].

Arq Neuropsiquiatr. 2003 Jun;61(2B):381-6. Epub 2003 Jul 28. [Article
in Portuguese]

da Costa Mdo D, Gongalves LR, Barbosa ER, Bacheschi LA.1H 4 #xJi
AR . BIUEBIETE, MR A% . 200346
H; 61(2B):381-6. L2k kK HIH: 200347 H28H [ (i 4 ]
http://www.ncbi.nlm.nih.gov/pubmed/12894271

Clinica Neurologica do Hospital das Clinicas da Faculdade de Medicina
da Univesidade de S&o Paulo, S&o Paulo, SP, Brasil.
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Scientific Evidence 3 (2007): American study: Previous
studies based on limited exposure assessment have
suggested that Parkinson's disease (PD) is associated with
pesticide exposure. The authors used data obtained from
licensed private pesticide applicators and spouses
participating in the Agricultural Health Study to evaluate
the relation of self-reported PD to pesticide exposure. This
study suggests that exposure to certain pesticides may
increase PD risk. Findings for specific chemicals may
provide fruitful leads for further investigation. The full text
of the study shows that the percentage of patients, who
were later diagnosed with Parkinson disease, exposed to
glyphosate herbicide was rather high among the pesticides,




indicating the association with glyphosate is rather high.
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Kamel F et al.,. Pesticide exposure and self-reported Parkinson's disease
in the agricultural health study. Am J Epidemiol. 2007 Feb
15;165(4):364-74. Epub 2006 Nov 20.

Kamel Fetal., ARV FEwEE AR 2455 B SR FBeRmE, %
ERAT 4, 200742 165(4):364-74. F4 kA HIA: 20064
11H20H

Abstract/# 2 http://www.nchi.nlm.nih.gov/pubmed/17116648
Full text/4>3: http://aje.oxfordjournals.org/content/165/4/364.full.pdf

National Institute of Environmental Health Sciences, Research Triangle
Park, NC 27709, USA. kamel@mail.nih.gov
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Scientific Evidence 4 (2007): Netherland study: Previous
systematic reviews have indicated that pesticide exposure
is possibly associated with Parkinson disease (PD). Review
and meta-analysis of 46 cohort studies, case—control
studies, and cross-sectional studies, since 1950 to
November 2010, that specifically investigated PD or
parkinsonism, published in English, French, German, or
Dutch., concerning herbicide, insecticide, and fungicide
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exposure shows sRR (summary relative risk) for exposure
to fungicides did not indicate an association with PD
(overall sRR = 0.99; 95% CI: 0.71, 1.40), in contrast with
positive sRRs for exposure to herbicides (overall sRR = 1.40;
95% CI: 1.08, 1.81) and insecticides (overall sRR = 1.50; 95%
CI: 1.07, 2.11). Glyphosate based herbicide is the most
widely used herbicide. Conclusion : Overall summary risk
estimates strongly suggest that exposure to pesticides,
and to herbicides and/or insecticides in particular,
increases the risk of developing PD.
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Marianne van der Mark et al., Is Pesticide Use Related to Parkinson
Disease? Some Clues to Heterogeneity in Study Results
http://ehp.niehs.nih.gov/1103881/
http://www.medscape.com/viewarticle/759918

1. Institute for Risk Assessment Sciences, Division of Environmental
Epidemiology, Utrecht University, the Netherlands

2. St. Elisabeth Hospital, Tilburg, the Netherlands

3. Julius Centre for Public Health Sciences and Primary Care, University
Medical Centre, Utrecht, the Netherlands
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Scientific Evidence 5 (2011): Chinese study: Report a
patient with parkinsonism following chronic occupational
exposure to glyphosate. A previously healthy 44-year-old
woman presented with rigidity, slowness and resting
tremor in all four limbs with no impairment of short-term
memory, after sustaining long term chemical exposure to
glyphosate for 3 years as a worker in a chemical factory.
The chemical plant produced a range of herbicides
including: glyphosate, gibberellins, and dimethyl hydrogen
phosphate; however, the patient worked exclusively in the
glyphosate production division. She only wore basic
protection such as gloves or a face mask for 50 h each week
in the plant where glyphosate vapor was generated. She
frequently felt weak. Two months before she came to our
clinic, she had experienced severe dizziness and blurred
vision. Physical examination revealed a parkinsonian
syndrome. There was no known family history of
neurological or other relevant disorders. The patient had
consumed no other medications or herbal preparations
before the onset of symptoms. No report of parkinsonism
induced by glyphosate after occupational exposure has
been published to date.

FIZHIERRS (2011) : REIAS : IRE—MEMERIV R E H e
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FEn  STREEESE | AT , XUESNEEHEESSRNIT
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Wang G, Fan XN, Tan YY, Cheng Q, Chen SD., Parkinsonism after
chronic occupational exposure to glyphosate. Parkinsonism Relat Disord.
2011 Jul;17(6):486-7.

ER, EhT, EWYY. FEQ. BRES | B IR B Al EH B Ak
e GRBURRSTZEEE) |, TSRS, 2011467 H,
17(6):486-7.
http://www.ncbi.nlm.nih.gov/pubmed/21367645?report=abstract
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As a broad-spectrum herbicide employed to kill weeds, glyphosate
(N-(phosphonomethyl) glycine) is typically either sprayed to be absorbed
through the leaves, injected into the trunk, or applied to the stump of a
tree, and is also used to control vegetation around transmission towers,
pipelines, water drainage channels, public squares, and streets throughout
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the world.

VERN—FRT 1B BRFLF], B H BEAE tH LSt SRR SEEF 5, 38 Bl
WE R B DU, JESTEIRTH, BE N TR, e ARG 2
IS, TIE. HKE. AT 5ER S FIEY .

In China, glyphosate is popularly used as a hypotoxic weed-killer in rural
areas. Every year, there are reports of acute intoxication of glyphosate
due to attempted suicide or error in usage among adults and children. [2]
Symptoms in such cases are frequently reported as consisting of digestive
tract dysfunction, circulatory and respiratory failure, and liver and kidney
damage [1, 2].

FEE, B BEAEARATAE y—Fh g5 2 MR BR B0 s o A B
FANGILESE A RS RRE RS REEh RS rkd . [2] Xk
G 225 i IR B R H AL RS L MBI 5P IR R Si 5
vay, LASJHREATE BEd A . [1,2]

Neurological involvement, in particular extrapyramidal symptoms and
signs including limb rigidity and resting tremor has only been reported
following a few isolated events rather than in the setting of chronic
occupational exposure [3].

MR RG2S, JEHRMERIN ZAEIR S BRI B 5 & B E B, Y
FEA M INSL FAF L Ja A gy, (Be — B CA g RN ERAR S 52 h
XA [3].

Here we report a patient with parkinsonism following chronic
occupational exposure to glyphosate. A previously healthy 44-year-old
woman presented with rigidity, slowness and resting tremor in all four
limbs with no impairment of short-term memory, after sustaining long
term chemical exposure to glyphosate for 3 years as a worker in a
chemical factory. The chemical plant produced a range of herbicides
including: glyphosate, gibberellins, and dimethyl hydrogen phosphate;




however, the patient worked exclusively in the glyphosate production
division. She only wore basic protection such as gloves or a face mask for
50 h each week in the plant where glyphosate vapor was generated. She
frequently felt weak. Two months before she came to our clinic, she had
experienced severe dizziness and blurred vision.

X BT TRy — A1 M BR M ok B H T 52 )RR 0B < AR 1 R 1
Olo WAd%Z, JRSESRMERR, £ ML) 1E A INFE: = F i
HBE =, WWEAAENIE. 180 Sa bR e, B eIz aa 1.
RENW L] A —RIIRER], GOFEHRE. rER, 5P ERR
by ORI, XA AR B A BB T AR . AR d T
EE BRI EEA RS, A7 A B A 050 T A AR50/
fo MR IR BIRESS . KRIATEREATAIAN b E)7™ Bk B IRAE
ML BE R o

After being diagnosed by the local doctor with cervical spondylosis, the
patient received treatment with DAN-SHEN (salvia) injections for one
week without any improvement.

AR WS LS, 8BTS T S (RER) , H
AT

Physical examination revealed a parkinsonian syndrome. There was no
known family history of neurological or other relevant disorders. The
patient had consumed no other medications or herbal preparations before
the onset of symptoms.

SRR BN ISR LA . BB A AT DA AP & 1 B
FRWGNR L o« MEARIIEIRIT UG HT, B B SR oAt = 24575
J7 B TR .

No report of parkinsonism induced by glyphosate after occupational
exposure has been published to date.
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In 2001, Barbusa et al. reported a case resulting from spraying glyphosate
in a garden without wearing protection [3]. The patient had acute skin
lesions one week after the chemical exposure and displayed rigidity and
slowness in all four limbs one month after the initial exposure. One year
later, he developed a slow resting tremor in the left hand and arm,
accompanied by impairment of short-term memory.

20014, Barbusa et al.#f & idt 7E 48 e o ss iy 5 H g i 5 A SAT R BT 4
TR — N Z=BI3B]. e rEfil— A5, SE AR RE, M
H, EMIREEREH B — 4 H U B sNI B S 218, —F)5,
BELAETHAERRE TR B RE,  [FN B d A4 4 .

Although our patient had similar extrapyramidal symptoms, she had
neither skin lesions nor memory loss.

PATH B, REAAER AR HEIR AP SR, W BEACA B ik#i07, B
BA I -

In a series of experiments, glyphosate demonstrated a wide range of
toxicities for enzymes such as cholinesterase, carboxylesterase, and
glutathione S-transferase [4].

—RAIMEE T, BB RS BN . FRIREERE, S LS-
PR MgIX Le it i) V2 — R A EEE[4].

Recently, a case of glyphosae-surfactant induced reversible
encephalopathy was reported and it was suggested that
glyphosate-surfactant could induce a prolonged but reversible
encephalopathy suggestive of acute central nervous system toxicity
different from previously reported symptoms and disorder including:
nausea, vomiting, oral and abdominal pain, renal and hepatic impairment,
and pulmonary edema [5].




AT, i 1 — T B i s 77035 0 i 52 401

SO H R T 1 77 B 175 I HE A 1R A2 w3 P o 1 %Ew;?f
HoMarEh s, HOEIRS LRI & AR IR R R AT B A
[l &l WXL Tl S5 AR AR W M-S AR5 005, LA 7K Bh 5] o

In these previous investigations [1, 3, 5], the neurotoxicity of glyphosate
was suggested to be via an excitotoxic mechanism. Unfortunately, there
are to date no confirmed studies of neurotoxicity focused on the
relationship between dopaminergic neuro transmission and glyphosate in
the literature.
CARTHIX S & [1, 3, 5], HH B s o sOyim I — R4
ﬁﬁ%ﬁmﬁ%ﬂ BRI, BIHAOYLE, B IE A RET 2
REAP A% IE 5 T H B 18] 5< SR U AT 5T

Scientific Evidence 6 (2012): Chinese study: Herbicides
have been recognized as the main environmental factor
associated with human neurodegenerative disorders such
as Parkinson's disease(PD). Previous studies indicated that
the exposure to glyphosate, a widely used herbicide, is
possibly linked to Parkinsonism, however the underlying
mechanism remains unclear. We investigated the
neurotoxic effects of glyphosate in differentiated PC12
cells and discovered that it inhibited viability of
differentiated PC12 cells in dose-and time-dependent
manners. Furthermore, the results showed that glyphosate
induced cell death via autophagy pathways in addition to
activating apoptotic pathways. Interestingly, deactivation
of Beclin-1 gene attenuated both apoptosis and autophagy
in glyphosate treated differentiated PC12 cells, suggesting
that Beclin-1 gene is involved in the crosstalk between the
two mechanisms.
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Ya-xing Gui, Xiao-ning Fan, Hong-mei Wang, Gang Wang, Sheng-di
Chen, Glyphosate induced cell death through apoptotic and authophagic
mechanisms, Neurotoxicology and Teratology,Volume 34, Issue 3,
May-June 2012, Pages 344-349
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F5-6H, 344-34971
http://www.sciencedirect.com/science/article/pii/S0892036212000438
https://www.ncbi.nlm.nih.gov/pubmed/22504123

Department of Neurology & Institute of Neurology, Ruijin Hospital

affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai
200025, China

LR B R L i S BB A 2 R S AR ST
P>

Lab of Neurodegenerative Diseases & key Laboratory of Stem Cell
Biology, Institute of Health Science, Shanghai Institutes of Biological
Sciences, Chinese Academy of Science & Shanghai Jiao Tong University
School of Medicine, Shanghai 200025, China
iRl DA YR R T RRER R T A A Y
ZHHABMEREERERE, 5 LERERFZESR



http://www.sciencedirect.com/science/article/pii/S0892036212000438
https://www.ncbi.nlm.nih.gov/pubmed/22504123

Scientific Evidence 7 (2012): Chinese study: Glyphosate is a
worldwide widely used herbicide. In China, glyphosate is
widely used in rural areas as a low-toxicity herbicide. For a
long time, acute toxicity cases caused by glyphosate is
frequently reported, toxicity symptoms include digestive
tract disorders, blood circulation disorder and respiratory
failure, liver and kidney damage, etc. During recent years,
nerve system damage, especially extrapyramidal signs and
symptoms caused by glyphosate have been reported. We
took the lead reporting internationally a case of
occupational glyphosate women patients with a history of
chronic exposure to glyphosate appearing with lethargic
and static rigidity, tremor and Parkinson's symptoms.
FIFAIIERR7 (2012) : PEIASS : EHB#(glyphosate)BIN- (i EiE
FRE)HSE E—MHEH REERE ZERNrEiRER ERE,
EHEHED—MMESIRENEREESEMSER. KUK, EHESH
BHEPSIREERRAE, HhS RIS /9iEE 6L MARTER
FERSFIIFIRSRR, AT, BIGEREEILER EHBHS PSS EAYH
ZLRRIEERE, 155 B HHF IR EIRFNSEFREEHRIRIE A T B == 5%
{EERF LiRiE 7 1GIERL I E H BHS At SR ad i B E hIEE.
TENEEMELE ERIMFIRETFER.

HEMERE, TN, BRAS, EHBERE SHeRn, TEmarr,
2012, 45

GUI Ya-xing, WANG Gang, CHEN Sheng-di, Chinese Journal of
Neurology, 2012,45
http://d.wanfangdata.com.cn/Periodical/zhsjk201211015
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Scientific Evidence 8 (2012): American study: Previous
studies demonstrate a positive correlation between
pesticide usage and Parkinson’ s disease (PD), which
preferentially targets dopaminergic (DAergic) neurons. In
order to examine the potential relationship between two
common pesticides and specific neurodegeneration, we
chronically (24 hours) or acutely (30 min) exposed two
Caenorhabditis elegans (C. elegans) strains to varying
concentrations (LC2s, LCso or LCy5) of TouchDown® (TD) as
per cent active ingredient (glyphosate), or Mancozeb® (MZ)
as per cent active ingredient (manganese/zinc

ethylene- b/s-dithiocarbamate). Furthermore, to more
precisely model environmental exposure, worms were also
exposed to TD for 30 min, followed by 30-min incubation
with varying MZ concentrations. Analysis of the BZ555
worms indicated a statistically significant decrease
(*P<0.05) in number of green pixels associated with
DAergic neurons in both treatment paradigms (chronic and
acute) when compared to CN. Taken together, our data
suggest that exposure to TD and/or MZ promotes
neurodegeneration in both GABAergic and DAergic
neurons in the model organism C elegans.

FISHIEHES (2012) : EERIHAS : LIBINHARRBRGERSHE
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TouchDown®( TD )BREH , SkiE MR ( {L7%$EE¥ ) Mancozeb®
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Rekek Negga et al., Exposure to Glyphosate- and/or Mn/Zn-Ethylene-bis-
Dithiocarbamate- containing Pesticides Leads to Degeneration of
y-Aminobutyric Acid and Dopamine Neurons in Caenorhabditis elegans,
Neurotox Res. 2012 Apr; 21(3): 281-290.
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s y-2 2 TR S 2 Bl o, MastEmn. 201248
4} 21(3): 281-290.
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Scientific Evidence 9 (2014): American study: Within the
last 20 years there has been an alarming increase in serious
ilinesses in the US, along with a marked decrease in life
expectancy (Bezruchka, 2012). The Centers for Disease
Control and Prevention (CDC) estimates that the cost of
diabetes and diabetes-related treatment was
approximately $116 billion dollars in 2007. Estimated costs
related to obesity were $147 billion in 2008 and
cardiovascular diseases and stroke were $475.3 billion in
2009. Health care expenditures in the US totaled 2.2 trillion
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dollars in 2007 (CDC, 2013a). The onset of serious illness is
appearing in increasingly younger cohorts. The US leads
the world in the increase in deaths due to neurological
diseases between 1979-81 and 2004-06 for the 55-65 age
group (Pritchard et al., 2013). These mental disorder deaths
are more typical of the over 65 age group. There have been
similar findings for obesity, asthma, behavior and learning
problems, and chronic disease in children and young adults
(Van Cleave et al., 2010). Type II diabetes in youth is being
called an epidemic (Rosenbloom et al., 1999). The rate of
chronic disease in the entire US population has been
dramatically increasing with an estimated 25% of the US
population suffering from multiple chronic diseases
(Autoimmunity Research Foundation, 2012). These
findings suggest environmental triggers rather than
genetic or age-related causes. A huge increase in the
incidence and prevalence of chronic diseases has been
reported in the United States (US) over the last 20 years.
Similar increases have been seen globally. The herbicide
glyphosate was introduced in 1974 and its use is
accelerating with the advent of herbicide-tolerant
genetically engineered (GE) crops. Evidence is mounting
that glyphosate interferes with many metabolic processes
in plants and animals and glyphosate residues have been
detected in both. Glyphosate disrupts the endocrine
system and the balance of gut bacteria, it damages DNA
and is a driver of mutations that lead to cancer. In the
present study, US government databases were searched for
GE crop data, glyphosate application data and disease
epidemiological data. Correlation analyses were then
performed on a total of 22 diseases in these time-series



data sets. The Pearson correlation coefficients are highly
significant with Parkinson disease (R = 0.952).

FIFIEHE9 (2014 ) : EERIHAR : SEZHFR , —RITE&EBH
EEES AERIEN ,ELbEHE | FaHiEa iR R ( Bezruchka,
2012) , EE¥xERL (CDC) FRitHBRBLARIERBIHX AT 2
FH2007£FiXEIK£911601Z23E5T. SHEBERXAYGTT22A20084F
£%11470{z55k | CIMERBSHRIGTT ZFH20095FXF14753(Z
3E7T. EE 2007 FETT RSz HiIEF)220001Z5E5T( CDC, 2013a ),
MEERRA R RIS HIMEFRAR., XEE1979F-1981F5
2004£F-2006£FHAA)55-65% HAF H#h4E I TRTmRIFE LMWL T

( Pritchard et al., 2013 ) , XLHFHERBIELIES S LI EABFH
HAHE, I ESTLFATERE. Sik. TAMNZEIEDRSISE
I EXRLAAEIR ( Van Cleave et al., 2010 ) , EEFERAPR
BT RHEFR/iTATHS ( Rosenbloom et al., 1999 ) . EEALR
EmARERIE | EEADOPRIT25 %A BZSHIEEXS

( Autoimmunity Research Foundation, 2012 ) , XLt&IR
WIMR B =M FEE R AXE RMRX LERE. BXIREER
BB RER EXL5MEREXEE TR 20FEEIEN. LESihE
UGN, EHBRRER1974EHELIIE | MIREFIEEEEY
RIS S H R EFEANUSEEA ., SR ZIEERPEH BT
HRIENSHIPFZREEE  MAEREDSHDERIENEIE
HES%E. EEHBETINHYASLEASHEMARETE , IR{HDNA
HEIRRNSHELERSEE., EiZIARH  EEEBFESIEESR
THEREEMEE. SNBSS KERITIAFEE. XiXLRd
[B)- I ERE P 22w T T HEXIES . EHEMAS—R5
RRZANRRFEXRHAEERE : AEHRW (R =0.875),

Fig 26. Correlation between age=adjusted Parkinson's disease deaths and
glyphosate application and percentage of US corn and soy crops that are
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Figure 31. Age-adjusted incidence (AAIR) rates of thyroid cancer, by year and sex, for Central Valley, California

1988-2004.
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1. Abstract

Glyphosate-based herbicides (GBHSs) are widely used in agriculture. Recently, several
animal and epidemiological studies have been conducted to understand the effects of
these chemicals as an endocrine disruptor for the gonadal system. The aim of the
present study was to determine whether GBHs could also disrupt the hypothalamic-
pituitary-thyroid (HPT) axis. Female pregnant Wistar rats were exposed to a solution
containing GBH Roundup®Transorb (Monsanto). The animals were divided into three
groups (control, 5 mg/kg/day or 50 mg/kg/day) and exposed from gestation day 18
(GD18) to post-natal day 5 (PND5). Male offspring were euthanized at PND 90, and
blood and tissues samples from the hypothalamus, pituitary, liver and heart were
collected for hormonal evaluation (TSH — Thyroid stimulating hormone, T3 -
triiodothyronine and T4 - thyroxine), metabolomic and mRNA analyses of genes related
to thyroid hormone metabolism and function. The hormonal profiles showed decreased
concentrations of TSH in the exposed groups, with no variation in the levels of the
thyroid hormones (THs) T3 and T4 between the groups. Hypothalamus gene expression
analysis of the exposed groups revealed a reduction in the expression of genes encoding
deiodinases 2 (Dio2) and 3 (Dio3) and TH transporters Slcolcl (former Oatplcl) and
Slcl6a2 (former Mct8). In the pituitary, Dio2, thyroid hormone receptor genes (Thral
and Thrb1), and Slc16a2 showed higher expression levels in the exposed groups than in
the control group. Interestingly, Tshb gene expression did not show any difference in
expression profile between the control and exposed groups. Liver Thral and Thrbl
showed increased mRNA expression in both GBH-exposed groups, and in the heart,
Dio2, Mb, Myh6 (former Mhca) and Slc2a4 (former Glut4) showed higher mRNA
expression in the exposed groups. Additionally, correlation analysis between gene
expression and metabolomic data showed similar alterations as detected in hypothyroid
rats. Perinatal exposure to GBH in male rats modified the HPT set point, with lower
levels of TSH likely reflecting post-translational events. Several genes regulated by TH
or involved in TH metabolism and transport presented varying degrees of gene
expression alteration that were probably programmed during intrauterine exposure to
GBHs and reflects in peripheral metabolism. In conclusion, the role of GBH exposure in
HPT axis disruption should be considered in populations exposed to this herbicide.

Keywords:  Glyphosate-based-herbicide;  hypothalamus-pituitary-thyroid  axis;
endocrine disruptor; thyroid hormone; metabolomics.



2. Introduction

To date, most studies concerning endocrine disruptors (EDs) have addressed the
action of these compounds on the hypothalamic-pituitary-gonadal axis, showing varying
degrees of interference (Bellingham et al. 2010; Rhind et al. 2010). However, only in
recent years, studies have been published demonstrating interference in the
hypothalamic-pituitary-thyroid (HPT) axis (Doerge and Chang 2002; Herbstman et al.
2008; Langer et al. 2009; Leung et al. 2010; Pearce and Braverman 2009; Pearce et al.
2010; Sathyapalan et al. 2011; Turyk et al. 2007), which is responsible for the precise
secretion of thyroid hormones (TH) in the bloodstream.

THSs are essential for the proper functioning of the body, taking part in various
physiological processes, such as differentiation and tissue proliferation, training and
maintaining the stability of the nervous system and metabolic balance. TH production is
coordinated by the HPT axis, which is auto regulated by a negative feedback
mechanism exerted by the active form of TH, triiodothyronine (T3). Hormonal action
happens mainly through nuclear receptors (TH receptors isoform alfa and beta — THRa
and THRb). The control of intracellular availability of T3 depends on the entrance of
tetraiodothyronine (T4) into the cell using TH transporters (MCT8 and OATP1C1).
Inside the cell, the T4 to T3 conversion is catalyzed by a 5’-deiodinase, that remove a
molecule of iodine out of T4. There are three types of deiodinases (type I, Il and I11),
these three enzymes are differently expressed in the various tissues, D1 and D2 are TH-
activating enzymes, and D3 the inactivating one. Since thyroid produces mostly T4, the
intracellular conversion mechanism is the most important source of peripheral T3
(Ortiga-Carvalho et al. 2016).

EDs are exogenous compounds with potential to alter hormonal regulation and
the normal endocrine system (Casals-Casas and Desvergne 2011; Colborn et al. 1993;
Vandenberg et al. 2012). This interference may occur in hormonal production, release
and metabolism (Tabb and Blumberg 2006). Factors such as doses and period of
exposure could interfere with the effects of this chemical in the endocrine system
(Diamanti-Kandarakis et al. 2009; Schug et al. 2011; Vandenberg et al. 2012).
Endocrine-disrupting agents comprise a wide variety of chemical classes, including
pesticides, herbicides, detergents, repellents, flame-retardants and other compounds
used in the plastics industry (Casals-Casas and Desvergne 2011; De Coster and van
Larebeke 2012).

The studies reporting disruption of the HPT axis suggested alteration in various
points of the HPT axis (Langer et al. 2009), such as thyroid hormones synthesis, action,
peripheral concentration and thyroid hormone metabolism (Doerge and Chang 2002;
Herbstman et al. 2008; Langer et al. 2009; Leung et al. 2010; Pearce and Braverman
2009; Pearce et al. 2010; Sathyapalan et al. 2011; Turyk et al. 2007). Some EDs have
some definition about their mechanism of action, perchlorate is recognized and used in
the past to treat thyrotoxicosis crisis for its antithyroidal effects, due to the inhibition of



iodine uptake by the sodium iodide symporter (NIS) (Tonacchera et al. 2004). More
recently, polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers or flame
retardants (PBDES) and Bisphenol A (BPA) were described with affinity with thyroid
hormone receptor (THRS), acting as antagonist to T3 action (Boas et al. 2012; Freitas et
al. 2011; Gilbert et al. 2012; Iwasaki et al. 2002; Kitamura et al. 2005a; Miyazaki et al.
2004; Moriyama et al. 2002; Sun et al. 2009). PCBs and PBDEs can also interact with
the transthyretin (TTR) displacing T4 from this binding protein. Finally, pesticides,
PCBs and PDBEs interfere with thyroid hormone hepatic clearance (Fini et al. 2007;
Jagnytsch et al. 2006; Kitamura et al. 2005b).

Glyphosate-based herbicides (GBH) are one of the most studied EDs and have
been used in agriculture for over 4 decades; however, in the last twenty years, with the
introduction of genetically engineered glyphosate-tolerant crops, GBH application in
agriculture has increased, and these compounds are currently the most used herbicide
worldwide (Myers et al. 2016; Romano et al. 2012). Consequently, there is an
increasing concern about the damage these compounds may cause to human health.
Recently, several animal and epidemiological studies have contributed to this field of
knowledge (Myers et al. 2016). Currently, GBHSs are proposed as safe and non-toxic
herbicides and were classified in 1991 as class E, non-carcinogenic substances
(Pieniazek et al. 2003). The potential damages caused by these substances apparently
depend on the applied concentration (Casals-Casas and Desvergne 2011; Marrs et al.
1989). However, even at a lower concentration than that recommended by the herbicide
manufacturer and lower that the concentration detected in food, glyphosate is lethal to
cells in vitro (Gasnier et al. 2009).

Glyphosate was already detected in the urine of children, mothers and fathers, in
concentration up to 5.0 ng/ml in the urine of non farm individuals and up to 11 ng/ml in
the urine of farm individuals, these results may be linked to the environment and also to
exposure due to diet (Curwin et al. 2007). McQueen et al (2012) showed in their study
the exposure of pregnant women to glyphosate is less than 2% of the acceptable daily
intake and estimates that only 15% of this amount crosses the placenta (McQueen et al.
2012). The placenta is very important for intrauterine development controlling growth
and substance exchange between the fetus and the mother (Aris and Leblanc 2011).
Richard et al. (2005) have shown that in a nontoxic (bellow the recommended) of GBH
was still toxic for human placental cell line and also it was disturbing to estrogen
production (Richard et al. 2005). Benachour et al. (2007) showed study that GBH has a
toxic and endocrine disrupting effect in human embryonic cells (in lower nontoxic
concentration), in placental derived cells and fresh human placental cells was also
sensitive to lower doses of GBH, showing endocrine disruptor characteristic of this
substance, affecting human reproduction and fetal development (Benachour et al. 2007).

Furthermore, in 2015, the WHO International Agency for Research on Cancer
reclassified GBHs as “probably carcinogenic to humans” (Guyton et al. 2015). In
addition, studies in the gonadal axis have shown that glyphosate interferes with the



activity of aromatase, leading to changes in reproductive development in rats (Romano
et al. 2012; Romano et al. 2010) and demonstrating the potential for endocrine
disruption through GBH. However, there are few data available concerning the potential
for GBH-mediated interference of the Hypothalamic-Pituitary-Thyroid (HPT) axis. In
2015, the Office of Pesticide Programs from the U.S. Environmental Protection Agency
published a report from the Endocrine Disruptor Screening Program Tier 1 Assessment,
that did not detected any evidence of glyphosate disrupting the thyroid pathway. This
report was based in experiments with female and male pubertal assays, and amphibian
metamorphosis, and used the glyphosate technical, not the commercial formulation
(GBH) (Akerman and Blakinship, 2015).

Therefore, the aim of the present study was to verify the potential impact of a
commercial GBH on the HPT axis to establish the risk for endocrine system disruption.
Increasing awareness of this potential risk could stimulate more studies to establish
plans for public health prevention and promotion.

3. Material and Methods
3.1 Animals, experimental design and treatment

Female and male Wistar rats (Rattus norvegicus) were mated in monogamous
couples. For this study, 24 adult female were used (8 per group). Gestation day 1 (GD1)
was confirmed by vaginal smear. Pregnant rats were treated by gavage with a
suspension of Glyphosate Based Herbicide Roundup Transorb (Monsanto Co., St.
Louis, MO; Monsanto of Brazil Ltd., Sdo Paulo, Brazil) diluted in water from GD18 to
post-natal day 5 (PND5). GBH doses of 5 and 50 mg/kg/day were selected based on the
No Observed Adverse Effect Level (NOAEL) at 50 mg/kg/day for glyphosate, and the
control group was similarly treated using deionized water (Romano et al. 2012; Romano
et al. 2010). Litters were standardized to 8 pups per female (4 males and 4 females),
totalizing 32 males per group of treatment. For the experiments of molecular biology,
male rats of each litter were selected to represent all treated females.

The litters were maintained at eight male pups per female until PND21 (weaning).
The male animals were subdivided into groups and maintained in polypropylene cages
(43 x 43 x 20 cm) with a 5-cm layer of wood shavings. All animals were maintained on
rat chow and water ad libitum under a 12:12 hour dark/light cycle in a temperature-
controlled room (23 = 1°C). All procedures were performed in accordance with the
Brazilian College of Animal Experimentation and were approved by the Bioethical
Commission of Universidade Estadual do Centro-Oeste (UNICENTRO) (protocol
number 509710316) and that of the Universidade Federal de S&o Paulo (UNIFESP)
(protocol number 5097101316).



At PND90, the male animals were euthanized, and blood and tissues were
collected for further analysis. The blood was collected via cardiac puncture to determine
the TSH, T4 and T3 levels, and the tissue was excised for RNA extraction and real-time
PCR assay analysis.

3.2 Hormone dosage

The TSH (thyroid stimulating hormone) serum concentration was determined
using the Millipex Map Rat Kit, according to the manufacturer’s recommendations. The
T3 (triiodothyronine) and T4 (thyroxine) concentrations were measured through
radioimmunoassay (ICN Pharmaceuticals, Costa Mesa, CA, USA) according to the
manufacturer's protocol. For each dose, a standard curve was generated.

3.3 Quantitative RT-PCR (qRT-PCR)

Total RNA was extracted from the hypothalamus, pituitary, liver and heart using
TRIzol® according to the manufacturer’s instructions (Invitrogen, Carlsbad, CA, USA).
Reverse transcription was performed using M-MLYV reverse transcriptase (Invitrogen,
Carlsbad, CA, USA). To analyze the relative gene expression, quantitative real-time
PCR was performed using SYBR Green Master Mix (Applied Biosystems, Foster City,
CA, USA). Gene expression was determined using the 2““‘ method (Dussault and
Pouliot 2006), and all values were expressed using cyclophilin A mRNA as a
housekeeping, that did not present any variation between the studied tissues. The
analyzed genes and their respective primers are presented in Table 1.

3.4 Metabolomic

In order to analyze the metabolomic profile four rat serum samples of each group
were analyzed using targeted metabolomic approach of combined direct flow injection
and liquid chromatography MS/MS using the AbsolutelDQ p180 kit (BIOCRATES Life
Sciences AG, Innsbruck, Austria), this kit quantifies up to 188 endogenous metabolites
from 5 different compound classes (i.e. acylcarnitines, amino acids, hexoses, phospho-
and sphingolipids and biogenic amines). All analyzes were performed at the
manufacturer’s facility in Innsbruck, Austria. The sample concentration is expressed in
micro Molar. Additionally, serum from 5 Wistar rats submitted to thyroidectomy used
in another study already published by our group (da Conceicao et al. 2016), and 5
animals from the control group in the same study were used for the analysis.
Hypothyroid animals were analyzed compared to their control group, GBH exposed
animals were divided in high and low dose of exposition and compared to the respective
control group. Another comparative study was done between the animals exposed to
GBH divided in three or four groups based on AACt levels of the pituitary genes Dio2
and Slcl16a2 (former Mct8).



3.5 Data analysis

The data related to hormone dosage and gene expression are reported as the
means *SEM values. The experiments were subjected to normality testing
(Kolmogorov-Smirnov), followed by analysis of variance (one-way ANOVA) and
Student-Newman-Keuls post hoc test when the results passed normality testing, and
Kruskal-Wallis test and post hoc Dunn's Multiple Comparison Test when the results did
not pass normality testing. Software Prism 6 (GraphPad Software, Inc., La Jolla, CA,
USA) was used. Differences were considered significant at P<0.05.

The statistical analysis of the Metabolomic data was performed using the
MetaboAnalyst 3.0 data analysis tool (www.metaboanalyst.ca) (Xia, J. 2015). Data was
normalized by pooled control group and by generalized log transformation, and then
submitted to Pearson correlation analysis, one-way ANOVA for data with more the two
groups and t-test for experiments with two groups and post hoc Fisher's LSD, and
unsupervised multivariated clustering analysis by heatmap.

4. Results
4.1 Clinical and hormonal features

Perinatal exposure to glyphosate did not alter the weight of the exposed animals
compared with control. The groups exposed at 5 mg/kg/day (374.4 g £4.05) and 50
mg/kg/day (377.4 g £6.38) were similar in weight to the control group (365.9 £4.93)
(Table 2).

Thyroid hormone concentration analyses were performed in all three groups, and
no alteration in the levels of T3 and T4 were observed between the groups exposed at 5
mg/kg/day (T3: 48.13 ng/dL % 2.73; T4: 4.33 ng/dL + 0.24) and 50 mg/kg/day (T3:
52.36 ng/dL = 2.12; T4: 4.80 ng/dL £ 0.17) compared with the control (T3: 58.63 ng/dL
*+ 4.59; T4: 4.67 ng/dL % 0.25). However, the TSH concentration significantly decreased
in both groups exposed to glyphosate-based herbicides at 5 mg/kg/day (526.30 ng/dL +
96.32) and 50 mg/kg/day (507.70 ng/dL % 91.49) compared with control (962.50 ng/dL
+152.10), as shown in Table 2.

4.2 Expression of deiodinases and thyroid hormone transporters decreased in
the hypothalamus, resembling hypothyroidism in the pituitary

Hypothalamic genes associated with thyroid hormone metabolism showed
altered expression in the animals exposed to glyphosate-based herbicides (Figure 1).
Dio2 expression decreased in animals exposed to 5 mg/kg/day (0.38 +£0.13) and 50
mg/kg/day (0.49 +0.08) glyphosate-based herbicides compared with the control (1.08
+0.16), and this difference was statically significant (p=0.006) (Figure 1 A). The same
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effect was observed for Dio3 gene expression: in animals exposed to glyphosate-based
herbicides at 5 mg/kg/day (0.52 +0.14) and 50 mg/kg/day (0.41 +0.11) doses, the
expression was lower compared with control animals (1.35 +0.35) (p=0.0215) (Figure 1
B). The TH transporter gene Slcl6a2 (Mct8) presented decreased expression after
exposure at 5 mg/kg/day (0.40 +0.09) and 50 mg/kg/day (0.82 +0.11) (p=0.0304)
compared with the control (0.92 £0.22) (Figure 1 C). Slcolcl (former Oatplcl), another
TH transporter, showed altered expression in both exposed groups at 5 mg/kg/day (0.48
+0.13) and 50 mg/kg/day (0.59 £0.12) compared with the control (1.24 +0.16)
(p=0.0012) (Figure 1 D).

Figure 2 shows the results of the gene expression analysis in the pituitary. Tshb,
the gene responsible for the expression of the beta subunit of TSH, did not present any
alterations in gene expression under GBH exposure (Figure 2 B). Dio2 expression was
increased in animal exposed at 5 mg/kg/day (1.79 £0.30) and 50 mg/kg/day (1.05
10.21) (p=0.0217) compared with control (0.96 +£0.11) (Figure 2 A). In the lower dose
group (5 mg/kg/day), the gene expression of the alpha 1 isoform of the TH receptor
Thral (1.78 +0.33) and the beta 1 isoform of the TH receptor Thrbl (2.16 £0.27)
increased compared with the control (0.99 £0.09 and 1.01 +0.16, respectively), and
similar results were obtained in the higher dose group (50 mg/kg/day; 0.77 +0.06 and
1.07 £0.24, respectively) (p=0.0019 Thral; p=0.0025 Thrbl) (Figure 2 - C and D). The
gene expression of Slc16a2 increased in animals exposed at 50 mg/kg/day (2.18 £0.12)
compared with the control (1.02 +0.11) and 5-mg/kg/day exposure (1.37 £0.37)
(p=0.0119) (Figure 2 E). Slcolcl expression was higher in animals exposed at 5
mg/kg/day (4.23 £1.27) and 50 mg/kg/day (3.37 £0.44) compared with the control (1.12
+0.29) (p=0.0062) (Figure 2 F).

4.3 Peripheral T3-target systems are variably affected

In the liver, the genes associated with metabolism and hormone transport, Diol,
Dio3 and Slc16a2, did not present any changes in gene expression in animals exposed to
the herbicide. However, the expression of Thral and Thrbl increased in the animals
exposed at 50 mg/kg/day. The relative gene expression of Thral was 1.78 £0.14 in
these animals compared with 1.03 +£0.08 in the control group (p=0.0085) (Figure 3 C).
In addition, Thrbl also showed increased expression in animals exposed at 50
mg/kg/day (7.26 £2.40) compared with the control (1.19 +0.26) and 5 mg/kg/day
exposure (2.21 £0.90) (p=0.0303) (Figure 3 D).

Figure 4 shows the genes with altered expression under GBH exposure in heart
tissue. Dio2 gene expression decreased after exposure to herbicide at 50 mg/kg/day
(0.22 +0.11) compared with the control (1.68 +0.68) (p=0.0424) (Figure 4 A). Cardiac
alpha-myosin heavy chain (Myh6 former Mhca), which is highly regulated by TH,
showed increased expression increased at 50 mg/kg/day (54.82 £20.56) compared with
the control (2.57 +£1.84) and 5 mg/kg/day exposure (2.74 +1.76) (p=0.0208) (Figure 4
B). Glucose transporter type 4 (Slc2a4 former Glut4), a glucose transporter positively



regulated by TH, showed significantly decreased expression in animals exposed to 5
mg/kg/day (0.53 +£0.12) and 50 mg/kg/day (0.37 £0.07) doses compared with the control
(1.42 +0.41) (p=0.0234) (Figure 4 C). Myoglobin (Mb), an important protein in muscles
associated with oxygen storage and protection against reactive species of oxygen,
showed decreased mMRNA expression in animals exposed to 50 mg/kg/day herbicide
(0.34 £0.19) compared with the control (1.09 +£0.20) (p=0.0198) (Figure 4 D).

4.4 Correlation between gene expression and metabolite variation have a
resemblance with the hypothyroid status

Correlation analysis of metabolite concentrations and the levels of Dio2 and
Slcl6a?2 pituitary gene expression based in the AACt values resulted in a great number
of positive and negative correlation (57 and 24, respectively, data not shown), in order
to facilitate the analysis, the 10 most unsupervised correlated metabolites in each group
were compared with hypothyroid and GBH exposed animals. There were concordances
in part of the metabolites behavior with the same analysis made in animals with
hypothyroidism and with the one done in animals exposed to GBH.

Dio2 gene expression had a positive correlation with the elevation of
phosphatidylcholines and lysophosphatidylcholine, these elements are also elevated in
both hypothyroid and GBH exposed rats comparing to control animals. (Figure 5a and
5b, table 3) A similar effect occurs with Slcl6a2 gene expression and
phosphatidylcholine C32:3. For the Slcl6a2 gene expression, the amino acids leucine
and valine, and the palmitoleylcarnitine decrease while the gene expression increase,
and the low amino acid and acylcarnitine concentration is similar in hypothyroid and
GBH exposed animals. (Figure 5c and 5d, table 3)

5. Discussion

The present study examined the disruption of the HPT axis of male adult rats by
GBH perinatal exposure, resulting in reduced levels of TSH, the main hormone
responsible for the stimulation of the production and release of TH. However, no
significant difference in TH, T3 and T4 levels was detected in the same animals. This
unusual hormone profile could reflect changes in TSH set-point resulting from altered
gene programing in these animals during the fetal period, consistent with the results of
other studies examining the effects of EDs, such as the flame retardant tetrabromo
bisphenol A (TBBPA) and tributyltin (TBT), in the hypothalamus of mice. In animals
exposed to these EDs, the transcription of genes controlled by TH, including
hypothalamic Trh, was disrupted in the absence of T3, with a marked alteration of the
hypothalamic set-point, which even interfered with metabolic responses (Decherf et al.
2010). However, unexpectedly, pituitary Tshg mRNA levels did not change in the
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exposed animals, although TSH peripheral levels decreased, likely reflecting an
alteration in the post-translational processing of this protein (Goulart-Silva et al. 2011).

The analysis of the mRNA expression of genes associated with TH homeostasis
was a good method to correlate changes in TH concentrations (Navarro-Martin et al.
2014), thus the present study focused on such genes, initially in the hypothalamus,
which is likely the regulatory center of the hypothalamus-pituitary-thyroid (HPT) axis.
The expression of the genes associated with TH homeostasis in the hypothalamus was
compromised in exposed animals, and both deiodinase genes, Dio2, and Dio3, presented
decreased expression. Deiodinases are enzymes responsible for thyroid hormone
activation, the conversion of T4 to T3 (Dio2), or thyroid hormone deactivation, the
conversion of T4 to reverse T3 (Dio3), and the synchronized work of both enzymes
maintains normal TH concentrations inside the cell, as most of the T3 present in the cell
is derived from the local conversion of T4 (Costa-e-Sousa and Hollenberg 2012). In
tissues exposed to GBH, a decrease in both enzymes does not fit the regular model of
TH regulation, as both activation and deactivation would be compromised. In addition,
the hypothalamic expression of thyroid hormone transporters was also disrupted, with
decreased Slc16a2 and Slcolcl expression. TH transporters also play a key role in Ts
uptake in this gland, the disordered expression of Slcl6a2, for example, suggests
reduced T3 for hypothalamic cells (Dumitrescu et al. 2006; Trajkovic et al. 2007). Thus,
even if these animals presented normal peripheral TH concentrations, it is likely that the
amount of T3 inside the hypothalamic cell could be compromised.

The main target of hypothalamic hormone stimulation is the pituitary, another
key tissue associated with thyroid regulation (Ortiga-Carvalho et al. 2016). Herein, the
gene expression of Dio2, Thral and Thrbl increased only in animals exposed to a lower
dose of GBH, and Slc16a2 mRNA expression was also increased, but only at the higher
GBH dose, and Slcolcl expression was increased at both doses. Apparently, the
pituitary is more sensitive to a lower concentration of glyphosate than a higher
concentration, which is not unusual for the EDs, as these compounds do not necessarily
follow typical hormone dose-response curves (Lagarde et al. 2015). Similar to
hormones, EDs operate at relatively low doses in a tissue-specific manner and may also
exhibit traditional dose-response effects not observed with other drugs, reflecting the
complicated dynamics of receptor occupation and saturation. Thus, lower doses may be
more deleterious than higher doses, completely changing the dose effect curve response
of a certain receptor (Diamanti-Kandarakis et al. 2009; Schug et al. 2011; Vandenberg
et al. 2012). In addition, these gene expression profiles resemble a hypothyroid state.

To investigate the possible disruptive role of GBH in TH action and metabolism
in peripheral tissues, liver and heart samples were collected. These two organs are the
primary targets for TH action and could be models for this evaluation. Liver is one of
the most important targets of TH and is also a fundamental organ in metabolism,
particularly the control of TH homeostasis (Ortiga-Carvalho et al. 2016). In contrast to
the disruptions observed in the gene expression of central hypothalamic-pituitary
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deiodinases and TH transporters, in the liver there was no change in the mRNA
expression of these genes under GBH exposure. Nevertheless, the mRNA expression of
TH receptors increased after exposure, indicating that the response to TH in the liver
may decrease under GBH exposure, despite the normal hormone serum concentration.
In addition, Thrb1 is an important TH receptor in the liver for lipid metabolism, and this
gene could potentially be compromised in this situation (Pramfalk et al. 2011).

Another important tissue that is target for TH action is the heart, the most
important organ associated with cardiovascular homeostasis and adaptation to
hemodynamic variation, an impaired heart function could lead to pulmonary and
systemic congestion and even death (Neves et al. 2015). Thus, maintaining the right
level of TH in this tissue is critical, GBH exposure decreased mRNA levels of Dio2,
indicating a decrease in T4 to T3 conversion. However, in this tissue, GBH acted
ambiguously with respect to TH activity, while Dio2 mRNA expression decreased and
Mhca increased, a response expected under conditions of high TH levels (Danzi et al.
2008). In cardiac muscle, thyroid hormone increases Myh6 expression, associated with
the increased speed of muscle contraction and relaxation; however, hypothyroidism
makes this muscle achieve a hypokinetic state (Danzi and Klein 2004). In contrast,
Slc2a4 and Mb mRNA expression decreased at a higher GBH concentration,
inconsistent with the TH regulation pattern. Giannocco et al (Giannocco et al. 2004)
showed that TH increases Mb gene and protein expression to protect tissues against
damage from excess hormone. TH also stimulates Slc2a4 gene expression, a glucose
transporter pivotal for cardiac metabolism (Gosteli-Peter et al. 1996; Weinstein and
Haber 1992). The decreased mRNA expression of Slc2a4 under GBH exposure may
indicate a decrease in glucose uptake and oxygen supply and a subsequent decrease in
cell metabolism, although cardiac muscle activity should increase, as evidenced by the
increase in Myh6 gene expression. In addition, another TH-regulated gene, Myh7
(former Mhcb), did not present any changes in gene expression in the present study
(data not shown), although previous studies have shown that this gene is negatively
regulated by TH (Danzi and Klein 2004). Pazos-Moura and colleagues (Pazos-Moura et
al. 2000) showed that an overexpression of a mutant TH receptors in heart did not affect
the expression of Myh6 or Myh7 in either hypothyroidism or hyperthyroidism, likely
indicating that TH receptors are essential to the effects of TH in these genes. This
finding is reinforced by a study with mice with the A337T mutation in Thrb gene that
also showed the important role of this isoform in the regulation of Myh6 and Myh7
MRNA expression in heart (do Imperio et al. 2015).

The correlation between pituitary gene expression regulation and the metabolic
profile of the GBH exposed animals and peripheral metabolic alteration showed a
partial resemblance with hypothyroidism, what is probably not surprising, due to
multivariate influence of GBH in the metabolism. The association between the gene
expression, GBH exposition and the differences in the serum metabolites were similar
with a study performed with the same method in human serum of euthyroid subjects.
This study showed a positive association between free T4 levels and acylcarnitine
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(particularly C16:1 the same present in association with Slc16a2 gene expression), and a
negative association with the group of phosphatidylcholines compounds (PC acyl — aa,
PC acyl-akyl — ae, and Lyso PC acyl — a), this study showed that even small changes in
thyroid hormone, between the normal range, could promote important changes in
metabolite concentrations (Jourdan et al. 2014).

Previously, the Endocrine Disruptor Screening Program Tier 1 Assessment from
de US EPA did not detected any evidence of disruption in the thyroid pathway. The
study was based on pubertal assays for male and female rats, and frog metamorphosis. It
analyzed hormonal dosage, development stages and physical characteristics; however,
the study did not evaluate gene expression in the HPT axis, neither metabolomic profile.
Another important difference with the present study is the type of chemical used, the
EPA study used isolated glyphosate, and our study was performed with a commercial
GBH, that includes adjuvants such as surfactants, known to make the GBH more toxic
than glyphosate alone (Folmar et al. 1979; Mesnage et al. 2013; Tsui and Chu 2003).
The adjuvants are important to glyphosate adhesion and translocation into to the sub-
surface plant tissues, and they are also present as residues in the plants together with
glyphosate itself, what could possibly facilitate the contamination since the population
exposition is to the commercial chemical set and not only the glyphosate (Myers et al.
2016).

The other important difference between the two studies is the window of
exposure, the present study showed that the time of exposition is important, and early
embryonic development exposure could have different impact than adulthood exposure.
Several studies have shown that exposure to EDs, even at low doses, during the
embryonic period may have persistent effects even after the end of exposure, suggesting
that EDs are the basis for diseases presented only in adulthood (Diamanti-Kandarakis et
al. 2009; Schug et al. 2011). The data in the present study suggested that perinatal
exposure to GBH generated persistent alterations in several aspects of TH homeostasis,
even at adulthood.

In summary, the present study showed that GBH exposure during the perinatal
period in male rats disrupts the TSH set-point, likely reflecting a post-translational
process, and also disrupts the expression of several genes associated with thyroid
hormone homeostasis and function (Figure 6), without altering the peripheral hormonal
concentration, but alters the metabolomic profile, similar to a hypothyroid state.
Overall, these results suggest that changes in the programming of the HPT axis may
occur after GBH exposure. However, more studies, particularly epidemiological studies,
are needed to clarify the precise effect of this ED on the HPT axis and develop
strategies for public health actions.



13

Acknowledgement

The authors are grateful for Dr Rui M. B. Maciel and Dr José Gilberto H. Vieira for all
the meaningful discussions, and Angela Faria, Gilberto Furusawa, llda Kunii and Teresa
Kasamatsu for all the administrative and technical support. Funding information:
Fundacdo de Amparo a Pesquisa do Estado de Sdo Paulo (FAPESP) Grant number
2013/26851-7 (to Chiamolera, Ml), Grants numbers 2012/01628-0, 2014/15948-2 (to
Kizys, MML) and 2014/06834-3 (to Glebocki G); and from Centro de Apoio
Profissionalizante Educacional Social (CAPES) - AUXPE Pro-integracdo 3160/2013

Grant number 23038009864/2013-98 (to Dias-da-Silva, MR), and CAPES 18952-12-7 (to
de Souza, JS).



14

6. Tables and Figures Legends

Table 1. List of genes with respective primer sequences analyzed and presented in
this study

Table 2. Animal weight and hormonal dosage (TSH, T3 and T4)

The animals were weighed prior to blood collection. Blood was collected through
cardiac puncture, and following centrifugation, the serum was stored at -20<C until
further analysis. The data are shown as the meanstSEM values. For weight, the
Kruskal-Wallis test and Dunn’s posttest were applied. For TSH, T3 and T4, one-way
ANOVA and the Student-Newman-Keuls post hoc test were used. A total of 7-8 animal
were included per group.

"P<0.05 compared with control

Table 3. p-value from t-student test and ANOVA from the correlation between
metabolomic analysis: hypothyroid rats vs. control, gene expression variation (Mct8 -
Sicl6a2 and Dio2) animals exposed do glyphosate vs. control and GBH exposed
animals control vs. high vs. low dose.

PC - phosphatidylcholines compounds (PC acyl — aa, PC acyl-akyl — ae, and Lyso PC
acyl — a). C16:1 — acylcarnitine 16:1, palmitoleylcarnitine. lle — amino acid isoleucine,
Leu — amino acid leucine, Val — amino acid valine, His — amino acid histidine, Xle —
amino acid — sum of lle and Leu. SM C24:0 — Sphingomyelin C24:0.

Figure 1. Effect of perinatal exposure to glyphosate on the gene expression of proteins
associated with thyroid hormone homeostasis in the hypothalamus. (A) Dio2 showed
decreased gene expression after treatment at both 5 and 50 mg/kg/day compared with
the control; (B) Dio3 showed decreased gene expression after treatment at both 5 and 50
mg/kg/day compared with the control; (C) At 5 mg/kg/day, thyroid hormone transporter
Mct8 (Slc16a2) showed decreased gene expression compared with the control and 50
mg/kg/day treatment; (D) thyroid hormone transporter Oatplcl (Slcolcl) showed
decreased expression at both 5 and 50 mg/kg/day, compared with the control.
**P=0.006 and *P<0.05. The data are presented as shown as the means £SEM values. A
and D Kruskal-Wallis test and Dunn's Multiple Comparison Test. B and C one-way
ANOVA and Newman-Keuls Multiple Comparison Test.

Figure 2. Graphic representation of gene expression of protein associated with thyroid
hormone homeostasis in pituitary of rats after perinatal treatment with glyphosate. (A)
Significant increasing of Dio2 in group 5 mg/kg/day compared with control and 50
mg/kg/day; (B) The expression of Tshb suffer no alteration in exposed animals; (C)
Thyroid hormone receptor isoform alphal, Thral, had a significant increase in
expression at group 5 mg/kg/day compared with control and 50 mg/kg/day; (D) Thyroid
hormone receptor isoform beta 1, Thrfl, has its expression increased at group 5
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mg/kg/day compared with control and 50 mg/kg/day; (E) Thyroid hormone transporter
Mct8 (Slcl6a2) has an increasing in the expression of group 50 mg/kg/day compared
with control; (F) Oatplcl (Slcolcl) has an increase of expression at groups 5
mg/kg/day and 50 mg/kg/day compared with control. **P=0.002 and *P<0.05. Data
shown are means *SEM values. B and F Kruskal-Wallis test, Dunn's Multiple
Comparison Test. A, C, D and E One-way ANOVA, Newman-Keuls Multiple
Comparison Test.

Figure 3. Graphic representation of gene expression of protein associated with TH
homeostasis in livers of animals treated with glyphosate during the perinatal period. (A-
B-E) Diol, Dio3 and Mct8 (Slc16a2) expression are not altered in treatments compared
with the control; (C-D) the expression of TH receptors Thral and Thrgl had the
expression in group 50 mg/kg/day increased compared with control (Thred and Thrfl)
and compared with 5 mg/kg/day (Thrfl). **P=0.0085 and *P<0.05. The data are shown
as the means +SEM values. B and C Kruskal-Wallis test and Dunn's Multiple
Comparison Test. A, D and E One-way ANOVA, Newman-Keuls Multiple Comparison
Test.

Figure 4. Gene expression of proteins associated with TH homeostasis and
responsiveness in the heart. (A) Dio2 showed decreased expression at 50 mg/kg/day and
5 mg/kg/day compared with control; (B) Mhca (Myh6) gene expression at 50
mg/kg/day was higher when compared with control and 5 mg/kg/day; (C) The
expression of Glut4 (Slc2a4) in both treatment groups decreased compared with the
control; (D) Mb, a muscle globin, showed decreased expression at 50 mg/kg/day
compared with control and 5 mg/kg/day. *P<0.05. The data are shown as the means
+SEM values. A and B Kruskal-Wallis test and Dunn's Multiple Comparison Test. C
and D One-way ANOVA and Newman-Keuls Multiple Comparison Test.

Figure 5. Metabolomic analysis of animals exposed to GBH and hypothyroidism. (A)
Heatmap unsupervised clustering analysis showing the 10 metabolites with stronger
association between their concentration and levels of Dio2 gene expression. The groups
are represented in colors in the top: red for AACt values from 0.8 to 1.3, green values
from 1.4 to 1.7 and blue from 1.8 to 2.6. The positive or negative correlation follows the
color scheme as indicated. (B) Graphs representing metabolite normalized
concentration, graph Hypo represents the metabolite in hypothyroid animals compared
to control, graph Dio2 is divided in three groups following Dio2 gene expression based
in AACt values, and graph Glyphosate showed the normalized concentration of the
metabolite in the control group and in the animals exposed to the high and low dose of
GBH as indicated. (C) Heatmap unsupervised clustering analysis showing the 10
metabolites with stronger association between their concentration and levels of Mct8
(Slc16a2) gene expression. The groups are represented in colors in the top: red for AACt
values from 0.4 to 0.9, green values from 1.0 to 1.3, blue from 1.4 to 2.0 and light blue
from 2.1-2.5. The positive or negative correlation follows the color scheme as indicated.
(D) Graphs representing metabolite normalized concentration, graph Hypo represents
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the metabolite in hypothyroid animals compared to control, graph Mct8 is divided in
four groups following Mct8 (Slcl6a2) gene expression AACt values, and graph
Glyphosate showed the normalized concentration of the metabolite in the control group
and in the animals exposed to the high and low dose of GBH as indicated. The p-values
for all the metabolites are reported in table 3.

PC - phosphatidylcholines compounds (PC acyl — aa, PC acyl-akyl — ae, and Lyso PC
acyl — a). C16:1 — acylcarnitine 16:1, palmitoleylcarnitine. lle — amino acid isoleucine,
Leu — amino acid leucine, Val — amino acid valine, His — amino acid histidine, Xle —
amino acid — sum of lle and Leu. SM C24.0 — Sphingomyelin C24:0.

Figure 6. Summary of the effects of GBH on thyroid hormone metabolism, the
peripheral hormonal concentrations, and gene expression of proteins associated with
thyroid hormone metabolism and action in the hypothalamus, pituitary, liver and heart.
Mct8 - Slcl16a2, Oatplcl - Slcolcl, Mhca - Myh6, Glut4 - Slc2a4.
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Table 1. List of genes with respective primer sequences analyzed and presented
in this study

Gene

Forward

Reverse

Tshg
Thrpl
Diol
Dio2
Dio3
Cyclophilin A
Slc16a2/Mct8
Slcolcl/Oatplcl
Myh6/Mhca
Slc2a4/Glut4
Mb
Thral

5’-CAGCATTAACTCGCCAGTGC-3’

5’-TGGGCGAGCTCTATATTCCA-3’
5’- GCCATTCCCCTGCTGTAACT -3
5’-AGAAGCACCGGAACCAAGAG-3’
5’- GCCTCTACGTCATCCAGAGC - 3°
5’-GTCAACCCCACCGTGTTCTTC-3’
5’-CCCAAGCAAGAGAGGCGCCE-3
5’-GGATCCCCAGTGGGTCGGGG-3’

5’-ACAAGGTTAAAAACCTGACAGAGG-3’

5’-CCGCCAGGCCGGGACACTAT-3’
5’-CCGGTCAAGTACCTGGAGTT-3’
5’- ACCTCCGCATGATCGGGGC -3’

5’-AAGCAAGAGCGAAAAGCACG-3
5’-ACAGGTGATGCAGCGATAGT-3’
5’- CCGTCAGTCCAAAGCCATCT -3
5’-AGCCACAACTTGACACTGGG-3’
5’- GCCCACCAATTCAGTCACTT -3
5’-ACTTGCCACCAGTGCCATTATG-3’
5’-CGGTAGGTGCGCTGGCGAAA-3’
5’-ACCAGAAAGGCACGGCTGCA-3’

5’-TACTGTTCTGCTGACTGATGTCAA-3’

5’-TCCGTCGGAAGGTGGCCGAG-3’
5’-TGAGCATCTGCTCCAAAGTC-3’
5’- CCTGATCCTCAAAGACCTC -3’
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Table 2. Animal weight and hormonal dosage (TSH, T3 and T4)

Control 5mg/kg/day 50mg/kg/day

Animal weight (g) 365.9 +4.933 374.4 £ 4.053 377.4 £6.383
TSH (ng/dL) 962.5+152.1 526.3 + 96.32" 507.7 + 91.49"
T3 (ng/dL) 58.63 + 4.590 48.13 £ 2.730 52.36 + 2.123

T4 (ng/dL) 4,674 +0.2476 4,335 + 0.2404 4.801 +0.1748

The animals were weighed prior to blood collection. Blood was collected through
cardiac puncture, and following centrifugation, the serum was stored at -20<C until
further analysis. The data are shown as the meanstSEM values. For weight, the
Kruskal-Wallis test and Dunn’s posttest were applied. For TSH, T3 and T4, one-way
ANOVA and the Student-Newman-Keuls post hoc test were used. A total of 7-8 animal

were included per group.

"P<0.05 compared with control
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Table 3. p-value from t-student test and ANOVA from the correlation between

metabolomic analysis.

Note 1 — Hypothyroidism - hypothyroid rats vs. control, Mct8 and Dio2 - gene

expression variation (Mct8 - Slcl6a2 and Dio2) animals exposed do glyphosate vs.

control, and Glyphosate - control vs. GBH exposed animals high vs. low dose.

Hypothyroidism Mct8 Dio2 Glyphosate
Metabolite p-value Metabolite p-value Metabolite p-value Metabolite p-value
Val 0.0005 Val 0.00854 Val Val 0.0010777
Leu 0.0141 Leu 0.0075641 Leu Leu 0.024874
Cl6.1 0.0257 C16.1 0.0018079 Cl6.1 Cl6.1 0.56607
PCaa C32.3 0.0028514 PCaaC32.3 0.0098788 PCaaC323 0.00073439 PCaa C32.3 0.0083428
Pc ae C44.4 0.13732 Pcae C44.4 0.0080159 Pcae C44.4 0.00071489 Pc ae C44.4 0.0027811
PC aa C24.0 0.0112 PCaaC24.0 PCaaC24.0 0.0010062 PCaa C24.0 0.032443
LysoPCa C 28.0 0.00026958 LysoPCa C28.0 - LysoPC a C 28.0 0.0017758 LysoPCa C 28.0 0.034861
PCaaC42.1 0.0031769 PCaaC42.1 PCaaC42.1 0.0015331 PCaa C42.1 0.048676
PCaa C42.0 0.024813 PCaaC42.0 PCaaC42.0 0.0015331 PC aa C42.0 0.17802
PC ae C44.5 0.049346 PC ae C44.5 PC ae C44.5 0.00081893 PC ae C44.5 0.0037234

Note 2 - PC - phosphatidylcholines compounds (PC acyl — aa, PC acyl-akyl — ae, and

Lyso PC acyl — a). C16:1 — acylcarnitine 16:1, palmitoleylcarnitine. Ile — amino acid

isoleucine, Leu — amino acid leucine, Val — amino acid valine, His — amino acid

histidine, Xle —amino acid — sum of lle and Leu. SM C24:0 — Sphingomyelin C24:0.
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